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BIOLOGICAL BULLETIN 


STUDIES THE BIOLOGY 
PARACOPIDOSOMOPSIS. 


DATA THE SEXES.! 


PATTERSON. 


INTRODUCTION. 

According Marchal and Silvestri sex-deter- 
mination the polyembryonic chalcids brought about the 
same manner the bee. well known that the fertilized 
egg the bee produces female (queen worker), while the 
unfertilized egg gives rise male (drone). Marchal and 
Silvestri believe that the fertilized egg these parasitic hymenop- 
tera produces polyembryonic brood females, while the un- 
fertilized egg develops into brood males. This conclusion 
has been widely accepted, not only because harmony 
with the Dzierzon theory sex-determination the bee, but 
also because several different investigators have observed that 
polyembryonic brood usually does not contain individuals 
both sexes. The occasional appearance mixed brood has 
been explained the obvious and apparently logical assumption 
that fertilized and unfertilized egg had been deposited 
single egg the host. The simultaneous development two 
such eggs would naturally produce mixed brood parasites. 

recent paper dealing with the development the poly- 
embryonic chalcid, Copidosoma the writer called 
attention the fact that was difficult explain the origin 
certain mixed broods this species the assumption that 
two parasitic eggs carrying the opposite sex factors had been 


from the Laboratory the University Texas, 
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deposited the egg the host. was suggested that the 
nine complete, mixed broods listed, the origin only five (broods 
Table I.) could easily explained this obvious 
way. each the four remaining broods (broods 
the great preponderance females seemed indicate that such 
explanation was not tenable. was therefore suggested 
that these mixed broods could have arisen from single fertilized 
egg, through differential division the two sex chromosomes 
one the early divisions the egg. that connection the 
following statement was made: Copidosoma conforms the 
general scheme for sex-determination insects, the females 
must have the chromosomes, and males the single chro- 
mosome. Ordinarily, during the process cleavage, all the 
chromosomes the fertilized egg divide equally, that all 
the nuclei entering into the formation the embryos will carry 
the chromosomes, thus producing brood females. But 
during the early development the egg should happen that 
the two chromosomes one more cleavages should not 
divide but separate, one going each pole the spindle, each 
daughter nucleus would then receive single chromosome. 
such nuclei later divide the typical manner and give rise 
embryos, such embryos would 

Different workers have from time time offered similar 
explanation account for certain peculiarities sex heredity, 
and especially account for the origin hermaphrodites and 
gynandromorphs. doing they have recognized the possi- 
bility that qualitative division the hereditary material for 
the sex factor may take place during cleavage. Their state- 
ments refer course the development monembryonic 
egg, which the products any somatic segregation must 
necessarily distributed different parts the same embryo. 
the case polyembryonic egg, similar segregation, 
occurring early enough cleavage, would result the pro- 
duction two groups embryos different sexuality, and upon 
completing their development these two groups embryos 
would produce mixed brood. 

was this kind evidence, although meager amount, 

Loc. cit., 356. 
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that was discovered studying the broods Copidosoma, 
Only four out total 162 broods gave evidence suggesting 
that differential division might have occurred during the 
segmentation the egg. was therefore evident that such 
differential divisions occur these parasitic insects, must 
studied species which the polyembryonic brood 
much larger than that Copidosoma. For clear that the 
larger the brood the greater must the number cell divisions 
that period development the close which each blasto- 
mere becomes the progenitor embryo, and consequently. 
the greater the opportunity for differential division occur, 


II. SEXES PARACOPIDOSOMOPSIS. 


Austin such species found Paracopidosomopsis 
floridanus Ashmead, form very similar the European chalcid, 
Litomastix truncatellus, upon which Silvestri worked. This 


TABLE 


Broops Copidosoma. 


No. of Individuals, 


Males. 
235 223 
241 161 
300 235 
8 304 | 292 12 
337 316 


little parasite lays its egg the egg the common cabbage 
looper, Autographra This species very favorable 
for study, and can reared the Upon con- 
suming the contents the larva, the larval parasites 
pupate within the skin the host, forming the typical mum- 
mified carcass. During the last two seasons about two hundred 
carcasses have been collected from the field. The silken cocoons 
were removed from these, after which each was placed vial, 
which was closed with loose plug cotton. Under these 
conditions the parasites readily emerge. 

One hundred and twenty-nine these broods, taken random, 


pas: 


| 
4 
bs 
| 
4 
dq 
4 
— 
Br 
q 
4 
ig 
2 
4 
q 


294 PATTERSON. 


have been studied detail, with the result that number 
interesting facts concerning the sexes have been brought light. 
the hundred and twenty-nine broods, three are pure female 
broods, sixteen pure male, and one hundred and ten mixed. 
The three female broods have 1,089, 1,306, and 1,859 indi- 
viduals, respectively; while the sixteen male broods run 
follows: 385, 432, 525, 578, 675, 699, 988, 1,003, 
1,285, 1,288, 1,333, 1,354, 1,492, 1,588. This average 
1,001 individuals per brood. 

the mixed broods which are special interest. The 
number individuals these broods varies from 545 2,028, 
with average 1,246 individuals per brood. The percentage 
males 72.07 Table II. are listed sixty 
broods, which the sex each individual has been carefully 
determined. These are arranged the order per cent. 
males, from the highest the lowest. Fifty additional broods 
are listed Table III., which the total number individuals 
given, and the per cent. males determined study 
five hundred individuals each brood. This method study- 
ing the sexes does not give the exact number males and females 
brood, but yields very close approximation the true 
per cent. males. 

These data raise number interesting points, only few 
which can considered here. One the most striking features 
the scarcity pure broods. all the broods studied, only 
about twelve per cent. are male broods, and less than three per 
cent. female broods. Another equally striking feature the 
great preponderence females the mixed broods. only 
seven the one hundred and ten such broods the number 
61, Tables the remaining one hundred and three 
cases the females are the majority. 

Reference Tables II. and III. will show that over per 
cent. the broods less than ten per cent. the individuals 
any given brood are males, while per cent. the cases 
there less than three per cent. males. The most striking 
cases are those listed toward the bottom the tables, especially 
the last six seven broods each table. each the last 


— 
| 


BIOLOGY PARACOPIDOSOMOPSIS. 


Mrxep Broops Paracopidosomopsis. 


TABLE II. 


o. of Individuals, 


Females. 


272 
400 
482 


Males, 


295 


Per Cent. of Ma 


72.07 
68.97 
61.02 
53-78 
50.09 
48.71 
33-27 
30.32 
30.15 
25.66 
25.25 
20.69 
18.12 
14.09 
12.39 
11.85 
8.12 
7-35 
6.19 
6.10 
5-59 
5.30 
5.20 
5-14 
4.89 


974 702 
1,289 889 
1,237 755 
636 342 
828 385 443 
545 272 273 
1,162 595 565 
848 529 319 
1,847 1,287 560 
839 586 253 
998 746 252 
1,706 1,353 353 
1,797 1,584 213 
1,477 1,357 120 
803 
868 822 
1,259 1,203 4-45 
1,457 1,394 4.32 
1,000 972 2.80 
1,260 1,233 2.14 
1,682 1,647 2.08 
1,475 1,456 1.29 
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TABLE 


Brood. | No, of Individuals. Females. 


Males, Per Cent of Males, 
58 1,493 1,491 -13 


two broods Table II. only single male was present. 
contrast with this condition, broods with large number males 
and few females have far not been found. stated above, 
only seven cases out hundred and ten are males excess 


TABLE III. 


Broops Paracopidosomopsis. 
Per Cent. Males Based Study 500 Individuals. 


No. of Indi- | Per Cent of No. of Indi- Per Cent. of 


Brood, viduals. Males. viduals. Males. 
2,028 67.20 701 
1,043 47.50 1,403 9.20 
1,149 44.00 1,602 8.20 
1,540 43-90 1,606 8.09 
1,463 42.80 1,228 8.00 
1,397 31.60 1,675 
1,467 24.80 1,665 3-40 
1,822 24.00 1,351 2.80 
1,233 22.60 1,633 2.80 
1,685 21.80 1,857 2.40 
1,745 19.00 102 1,306 2.20 
79 | 1,301 | 16.00 || 104 | 980 2.00 
14.60 105 1,005 1.80 
1,605 14.20 107 1,550 1.20 
1,347 12.20 109 1,469 


females, and even these the smallest number females 
almost much per cent. the entire brood (brood 1). 
The fact that females are frequently excess males the 
broods one the most significant points brought light 
the study these parasites. 


Mrxep Broops Paracopidosomopsis. 
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III. EXPLANATIONS MIXED 


the basis the data here presented, how one explain 
the origin mixed broods Paracopidosomopsis? are 
least two possible explanations that may suggested: (1) 
that fertilized and unfertilized egg had been deposited the 
egg the host; (2) that fertilized egg had given rise males 

One finds difficulty offering the first these suggested 
explanations account for some broods, especially 
for the larger broods which males and females are found 
about equal numbers. But the same explanation 
applied all mixed broods, would necessary assume 
that the cases the development the unfertilized 
egg interfered with the presence the developing fertilized 
egg. the light Lillie’s recent discovery concerning 
the origin the cattle, this assumption would 
not seem untenable. the case these insects 
conceivable that fertilized egg might generate 
which would inhibit the development unfertilized egg 
such way that only few the male embryos reach maturity. 

One difficulty which first seemed stand the way the 
application the hormone theory the fact that the vast 
majority (about per cent.) all Paracopidosomopsis broods 
are mixed. did not seem possible that eighty-five per cent- 
the moth eggs, widely scattered they are the cabbage 
patch, would each visited and parasitized fertilized and 
unfertilized female insect. This raised the question 
whether the female lays more than single egg each ovi- 
position, and so, whether the fertilized female has the power 
lay both kinds eggs, the case the queen bee. Sil- 
vestri states that the female Litomastix truncatellus lays but 
single egg each oviposition. have studied this question 
Paracopidosomopsis and find that the female, whether fertilized 
not, frequently deposits two eggs one oviposition. 
one experiment, single unfertilized female made seventeen 
successive many eggs. The time ovi- 
position varied from one minute and thirty three 
minutes, with average two minutes for each egg. 
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examination these parasitized eggs carefully teased prepara- 
tions showed that the parasite had laid two eggs eleven cases, 
and single egg six cases. The same experiment performed 
with fertilized females shows the same result. total 
forty-two ovipositions made three unfertilized and sixteen 
fertilized females, two eggs were laid twenty-eight cases and 
one egg fourteen cases. 

While these observations show conclusively that two eggs are 
frequently deposited simultaneously the insect, yet they 
not settle the question whether the fertilized female can 
lay both kinds eggs. However, study smear prepara- 
tions and sections shows that many cases both eggs are 
fertilized. this, well for other reasons, the writer 
the opinion that any suggested explanation involving the 
idea that unfertilized and fertilized egg laid the egg 
the host inadequate account for all the mixed broods 
Paracopidosomopsis. 

This brings consideration the second suggestion, 
namely, that fertilized egg may give rise males and females. 
This result could attained the abnormal behavior the 
sex chromosomes one more the cleavage divisions. There 
are several different ways which abnormal behavior the 
sex chromosomes might occur. Some these possibilities are 
too improbable receive consideration, but there are three 
four that shall mention. First, somatic 
which meant the separation instead division the two sex 
chromosomes cleavage mitosis. Second, somatic non- 
disjunction, which meant the failure the two daughter 
chromosomes one the X’s separate after the division 
both sex chromosomes had occurred. This would result one 
daughter cell receiving three sex chromosomes, the other 
single chromosome. third possibility that only one 
chromosome might divide, resulting the formation one 
cell with two X’s and another with only one Finally, may 
mention fourth possibility, namely, that division might occur 
which all the sex chromosomes, whether divided not, pass 


This term not entirely exact, because the implication that the separating 
chromosomes had previously been united, which course not the case. 
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one pole the spindle. this event one the daughter 
cells would contain sex chromosome. Let consider further 
each these possibilities. 

The mechanism disjunctional division was explained 
connection with the study Copidosoma, from quota- 
tion given the first part this paper. remains therefore 
point out what would happen should such differential divi- 
sion occur. disjunctional division should occur during 
cleavage, the percentage males females would deter- 
mined the time which the differential division occurs. 
For example, disjunction took place the first cleavage 
the fertilized egg, each the two daughter cells would receive 
single chromosome, and should further disjunctions occur 
subsequent divisions, pure male brood would produced. 
the same basis the disjunction did not occur until the 
second division, only fifty per cent. the brood would males; 
the third, twenty-five per the fourth, twelve and 
one half per cent., and decreasingly until the point 
reached which each cell becomes the progenitor single 
embryo. However, any random lot mixed broods these 
expected classes, based per cent. males would not 
realized, because there are certain factors development which 
would tend modify the expected percentage males any 
given brood. Thus not all the cells divide simultaneously 
the early cleavages the egg these parasites. Some cells 
may fail develop altogether. More than one disjunctional 
division may occur the egg. Finally, some cells develop into 
the so-called assexual which never reach maturity. Ina 
random lot broods should therefore expect find con- 
tinuous series, such shown the tables. 

the several possibilities suggested that somatic non- 
disjunction would seem the most plausible. First, because 
harmony with the known facts cytology cleavage 
mitosis, that all the chromosomes are supposed divide; 
and second, because accord with Bridges’ work 
non-disjunction Drosophila. This investigator has recently 
suggested the possibility somatic non-disjunction account 
for gynandromorphs and monembryonic egg, 
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such that Drosophila. says: “If the same sort 
primary non-disjunction which has been assumed. give rise 
stage, gynandromorphs and mosaics would result. One might 
expect early cleavage division, particularly the first, 
relatively large number divisions, for the greatly 
condensed chromosomes introduced the sperm not for 
some time attain the state the appearance those the 
egg nucleus. the paternal female were slower than the 
maternal preparing for division, might lag upon the spindle 
that both daughter X’s would become included the same 
cell. The portion the fly which comes from the cell should 
male and should show the sex-linked characters the mother. 
Such process may the explanation the large number 
lateral gynandromorphs Drosophila. When the 
division occurs later cleavage stage may have mosaics, 
for example, red female with patch white facets 
the 

non-disjunction the per cent. males any brood would 
determined, disjunction, the time which the 
division takes place. However, there would this difference, 
that should the first cleavage non-disjunctional, the expected 
percentage males would fifty instead one hundred; should 
the second cleavage non-disjunctional, twenty-five per cent. 
would males instead fifty, and on, decreasingly through- 
out the series cleavage divisions. 

The third possibility mentioned above reality only 
modified form non-disjunction, and the percentage males 
would determined accordance with the same law. 

The fourth possibility suggested above interest because 
such division would result the production blastomeres 
devoid sex chromosomes. Cells which contain chromo- 
somes may responsible for the so-called larve that 
develop from the egg this species. shall consider this 
point further connection with discussion these peculiar 
larve. 


Loc. cit., 136. 
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IV. EXPERIMENTAL AND CYTOLOGICAL STUDIES. 


any one these forms abnormal behavior sex chromo- 
somes does occur the cleavage divisions Paracopidosomopsis, 
should possible detect experimental and cytological 
studies. have undertaken both lines investigation, and 
already sufficient progress has been clear certain 
points. 

The experimental work has been greatly interfered with 
the ravages the so-called wilt disease, which the 
graphra are extremely susceptible under laboratory con- 
ditions. all the experimental work the precaution has 
been taken protect the moth eggs from being parasitized before 
beginning any experiment with them. This has been done 
having the moth lay its eggs under bell-jar from which all 
parasites were scrupulously excluded. Furthermore, the para- 
sitized eggs and the young larve developing from them have 
been similarly protected. all experiments the female parasite 
has been permitted make but one oviposition each moth egg. 

The first set experiments were undertaken with view 
determine whether the fertilized female parasite could lay eggs 
which produce males and females. one experiment moth 
eggs were parasitized fertilized females. Sixteen larve 
hatched three days later. these two reached full growth. 
One the two larve was not parasitized, and formed pupa 
from which moth later emerged. The other was transformed 
into typical mummified carcass, from which brood para- 
sites due time emerged. The brood contained 2,096 indivi- 
duals, which 1,889 were females and 207 males. While these 
results are meager, nevertheless they indicate clearly that 
fertilized female capable laying eggs from which indi- 
viduals both sexes develop. this instance not possible 
tell whether the mixed brood came from one egg from two 
eggs, since there was way determining the number eggs 
deposited the parasite the egg the host the time she 
made the oviposition. 

another set experiments unfertilized females were used. 
one experiment eighty moth eggs were parasitized, each 
one oviposition unfertilized female. Sixty-six 
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hatched. All but twenty-two these larve were fixed vari- 
ous stages development, order secure material for the 
study the unfertilized parasitic egg. the twenty- 
two caterpillars eventually reach full nearly full growth. 
Two these showed signs disease, and were killed, the para- 
sitic larve being removed and fixed for cytological study. 
study sections the larve from both caterpillars fail show 
anything but male larve present. The third caterpillar formed 
carcass, from which 1,842 males emerged. this must 
added 100 more individuals, which were removed from the 
carcass the pupa stage and for cytological purposes. 
The sections show that all the pupa are males. These results 
indicate that the unfertilized egg Paracopidosomopsis produces 
males only. 

study the spermatogenesis revealed these pupz 
shows that males developed parthenogenesis carry the haploid 
number chromosomes, while study maturation the 
eggs and fertilization shows that females, would expected, 
carry the diploid number. With these facts established, will 
possible determine whether two types males are pro- 
duced, may shown the following consideration. 
Paracopidosomopsis conforms the general scheme sex deter- 
mination insects, the chromosomal formula for the fertilized 
egg may represented 2X, which represents the 
non-sex chromosomes, and that for the unfertilized egg 


N 
Now, should males also arise from the fertilized egg, 


their formula must The presence the double 
number non-sex chromosomes such individuals should not 
affect their sexuality, because all forms which partheno- 
genesis absent, males are represented this slightly 
modified formula. Modern genetic studies have shown that 
maleness femaleness determined the number 
chromosomes present the egg, and not the number non- 
sex chromosomes. Even forms which have the chromosome, 
the presence absence the does not seem affect the sex 
the individuals. 
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Asexual larve were first described Silvestri for Litomastix. 
According this investigator, the egg Litomastix produces 
thousand more sexual larve and variable number asexual 
larve, which are characterized the absence certain organs, 
and especially the absence the reproductive system. These 
larve die without undergoing metamorphosis. Exactly similar 
larve develop from the egg Paracopidosomopsis. The details 
their development have not yet been studied, that 
cannot say whether they appear every egg not. These 
curious develop both the fertilized and the unfertilized 
egg, even though the host egg rigidly protected from all other 
parasites. This shows that the asexual larve not come from 
the egg another parasitic species, has been suggested 
explanation for their appearance among the larve Litomastix 
(Wheeler, account their development will made 
the subject subsequent paper. Here, are concerned with 
the question the underlying cause their production. 

Silvestri suggests that these asexual larve may owe their 
asexuality the absence germ cells. will recalled that 
described for the polyembryonic egg so-called nucleolus 
(nucleolo), which lies the larger posterior end the elon- 
gated, bottle-shaped egg. the early cleavage stages 
Litomastix the nucleolus becomes included single blasto- 
mere, resulting the retardation the subsequent divisions 
this The nucleolus later breaks down and becomes 
scattered evenly throughout the cytoplasm. Silvestri was 
unable follow the history this particular cell beyond two 
divisions, but believes that gives rise all the germ cells 
the sexual embryos. His conclusion has been strengthened 
subsequent study the eggs two monembryonic 
The nucleolus the egg these species becomes distributed 

the germ cells alone, and thus serves 
(Hegner). 

According Silvestri’s suggestion the asexual Lito- 
mastix arise from the polygerm, but fail receive germ cells 
descendants the single blastomere which inherited the nucle- 
olus. may that this suggestion Silvestri offers the correct 
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explanation the origin the asexual but there are cer- 
tain obstacles which stand the way its full acceptance. 
the first place, difficult conceive any mechanism the 
complex polygerm which predestined germ cells could 
nicely and exactly distributed each the several hundred 
sexual embryos which develop from the eggs Litomastix and 
Paracopidosomopsis. the second place, well-known 
fact that insects secondary sexual characters and also certain 
primary sexual characters, such the organs copulation and 
oviposition, are not dependent upon the presence the gonads 
for their development. This conclusion based upon trust- 
worthy evidences obtained from castration experiments young 
larval stages. Furthermore, the light modern genetic 
evidence, should inclined believe that the asexual 
are sexless not because they have failed inherit predestined 
germ cells, but because their failure inherit chromosomes. 
X-free blastomeres are formed during cleavage, such cells 
might become the progenitors sexless which way 
could compared the non-viable, zygote Drosophila. 


VI. Data SEXES OTHER POLYEMBRYONIC INSECTs. 

With the exception Copidosoma and Paracopido- 
somopsis, exact data the sexes polyembryonic insects are 
very few. The first observations recorded are those Bugnion 
who studied twenty-one cases Ageniaspis (Encyrtus) 
fuscicollis and found the following conditions: nine pure female 
broods; five pure male broods; three broods with males and 
females about equal numbers; three broods with large majority 
males; one brood with large majority females. com- 
menting upon these data, Marchal points out that 
difficult explain the four cases which the large majority 
individuals belong one the other sex. believes, how- 


ever, that such broods arise from two more eggs. 


believes that should two eggs, one fertilized and the other not, 
laid the egg slightly different times, the one deposited 
first might gain the upper hand the matter food, and thus 
prevent all but few the individuals arising from the second 
egg from reaching maturity. 
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Marchal examined sixteen broods Polygnotus minutus, and 
found eight female broods, six male, and two mixed, one with 
three females and one male, the other with three females and 
three males. 

The only other investigator record data the sexes 
polyembryonic parasites Silvestri. one hundred and sixty 
broods Litomastix found sixty-three female, ninety-two 
male, and five mixed broods. does not record the number 
individuals for any these broods. 

should like point out conclusion that there very great 
need for exact data the sexes polyembryonic insects. 


January 17, 1917. 
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HYBRIDIZATION. 


NEWMAN. 


late there have appeared several papers that deal with the 
production monsters teleosts, especially the common 
mud-minnow, Fundulus heteroclitus. The papers Kellicott 
and Werber and have been especially interesting 
because they deal with the same type monster that have 
been studying incidentally for more than ten years and that 
have described and discussed several different papers dealing 
with development and heredity fish hybrids. 

1908 published the results intercrossing Fundulus 
heteroclitus and majalis (Newman, the cross 
heteroclitus majalis called attention the various types 
monsters, noting especially those types which the head and 
eyes developed and the body was relatively inhibited, and those 
which head development was inhibited and body was relatively 
normal. 

The wide range variability the results crossing two 
individuals different species was emphasized. long list 
conditions was given ranging frgm extreme subnormal eggs that 
failed cleave, markedly supernormal individuals that 
are hardier and better equipped live than individuals either 
pure strain. subsequent papers (Newman, ‘12 and 
called further attention the graded series teratomata 
resulting from one set eggs fertilized sperm from single 
male. 

general was shown that hybrids between closely allied 
species (homogenic hybrids) the rate development 
siderable percentage individuals was accelerated, but that 
all heterogenic hybrids there more less marked retardation 
developmental rate from the earliest cleavage stageson. Even 
the case homogenic hybrids, the retarded individuals are 


always abnormal. 
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During the summers 1914 and 1916 series experiments 
was performed order test the theory that retardation 
always correlated with abnormal development. hybrid 
experiments which Fundulus heteroclitus eggs are fertilized 
the sperm the mackerel there noticeable comparatively 
early cleavage stages marked difference number and uni- 
formity blastomeres different eggs the same batch. The 
different types eggs were divided into three lots follows: 

Those that were most advanced and exhibited the largest 
number and greatest regularity cells. 

Those which the cells were fewer and less uniform. 

Those which the cells were relatively fewest and 
various sizes. 

The development these three lots was watched from day 
day with the result that all those reached fairly 
advanced condition before abnormalities appeared and ab- 
normalities concerned chiefly the eyes and heart; those 
showed all sorts monsters including cyclopeans, eyeless types, 
and those with reduced bodies; those produced solely apical 
parts without bodies, amorphous masses tissue best 
isolated organs such eyes and hearts. 

The converse this experiment was tried using the eggs 
heteroclitus and the sperm the closely related diaphanus. 
this experiment there was very little acceleration noticeable 
during the cleavage stages, but during gastrulation was 
simple matter separate out three classes and follows: 

Those which the germ ring was distinctly more than 
half way round the yolk. 

Those which the germ ring was approximately half way 
round the yolk. These were about like the control. 

Those which the germ ring was distinctly less than half 
way round the yolk. 

The eggs lot nearly all hatched the average distinctly 
earlier than the control (pure heteroclitus), and were distinctly 
more active, grew faster and lived longer than the control. 
Those lot showed wide range variability, some hatching 
early the control, others hatching later, and still others 
failing hatch. Various common types abnormality oc- 
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curred but none the most extreme types were noted. Those 
lot showed the most pronounced abnormalities. Only 
few hatched and these were rather feeble. The remainder were 
monsters belonging wide range types, many showing 
merely some defect the circulation (string-hearts, enlarged 
pericardia, blood, etc.), others being defective the head 
parts, especially eyes, and others being defective chiefly the 
posterior parts. 

These two experiments were repeated many times and 
substantially identical results each time. There can 
question therefore that there very close correlation between 
the rate development and the degree normality the embryos. 

When homogenic crosses slight increase rate develop- 
ment instituted the result supernormal hybrid type, 
which the difference largely physiological, consisting 
greater activity and greater viability. When the heterogenic 
crosses there results more less pronounced retardation 
developmental rate (sometimes clearly seen the early cleavage 
stages) subnormal type monster the result, which differs 
from the normal not only physiologically being non-viable 
but morphologically being defective one more parts. 

Both supernormal and subnormal types appear then cor- 
related with alteration the normal rate development. 

quite evident from numerous experiments (Newman, 
that the degree retardation resulting from varous heterogenic 
hybridizations not factor the distance the cross, for 
some species the same genus cross with poor success, and 
some species different orders teleosts cross produce 
swimming larvae. This argues against the theory that foreign 
sperm introduces toxins, since the protoplasm distantly related 
forms ought more toxic than that near relatives. 

About all can say then that introducing foreign sperm 
into egg either accelerate retard the developmental rate 
the proportion the rate accelerated get super- 
normal result, and proportion the rate retarded, sub- 
normal result. 

That there nothing specific about the effect foreign sperm 
upon the developmental rate the egg further shown the 
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fact that the same series subnormal types (monsters) are found 
great variety different crosses, and also the fact that 


these same abnormal types may produced purely physical 
chemical agents. 


OTHER METHODS PRODUCING MONSTERS. 


long ago 1907, Stockard, the use solutions 
magnesium chlorid, was able produce, among other abnormal 
conditions, considerable percentage cyclopic and 
ophthalmic terata. Although little was said about abnormal 
conditions other than those associated with the particular terata 
mentioned, enough data was given show that many not 
all the other well-known conditions occurred. 

1909 and 1910 Stockard contributed further papers con- 
cerning the development teratomata, showing that the same 
results could obtained with alcohol and other 
called particular attention ophthalmic terata, making 
clear that the eye anlages appear especially susceptible 
anesthetics, and explained cyclopia and similar conditions 
“the result action during the early develop- 
mental Later, when McClendon obtained 
similar series eye defects the use substances that are 
action, Stockard took the more general view 
that deleterious chemical substances merely lower the vitality 
certain sensitive anlages and cause arrested development 
important structures. Stockard implies that the results are 
primarily due lowering developmental rate. The paired 
eyes for example are believed arise from unpaired median 
anlage which normally undergoes sort twinning process 
producing two eyes. Under the influence deleterious chemi- 
cals median anlage does not widen spread laterally but 
arrested its primary median un- 
paired cyclopean eye develops. 

Recently Werber (1915, 1916) three papers and especially 
his latest one (1916) re-attacked the problem from some- 
what novel point view. Starting with the assumption 
that the development monsters mammals caused 
“pathologic parental metabolism” decided test his hypo- 
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theses with fish embryos. consequently subjected the 
embryo the fish Fundulus solutions various metabolic 
by-products, characteristic normal and pathologic mammals, 
such urea, butyric acid, lactic acid, acetone, sodium glyco- 
cholate, and ammonium hydroxide. Conclusive results were 
obtained only with butyric acid and acetone, especially the 
latter. The paper especially valuable for its comprehensive 
record terata, their classification, and the numerous figures 
monsters every sort. All the results are similar those 
obtained hybridization experiments, evidenced the 
fact that the illustrations would serve well for paper 
hybrid teratomata for the paper which they appear. All 
Stockard’s teratomata are also duplicated exactly. 

especially noted that there are two markedly different 
types monsters: (a) those which the head parts alone are 
inhibited, and especially the eyes and heart, and those 
which the head parts develop fairly normally and the posterior 
parts are inhibited. are seen when only the 
eyes heart are effected, and when eyes heart develop 
alone the exclusion other parts the body. These results 
appear first sight quite paradoxical, but the explanation will 
clear from what follows. 

Werber appears realize the importance Child’s theory 
the morphogenesis monsters. points out that the anterior 
end, most susceptible agents that inhibit 
development, and hence have logical basis for the frequency 
ophthalmic terata. sees Child’s work however ex- 
planation the occurrence heads with reduced body and 
isolated eyes, hearts, etc. 

Werber’s idea the morphogenesis monsters differs some- 
what from that Stockard being strongly morphological. 
According him any chemical substance, whether 


toxic, what not, long injurious life, checks the 


process cell metabolism and cell division and causes the affected 
cells disintegrate. This accounts 
Werber’s mind for the suppression certain anlages, especially 
those the apical end the embryo; but fails account 
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for the development isolated eyes and hearts other embryos 
the same series, which are treated exactly those were 
which the eyes were suppressed the heart failed develop. 

will seen that both Stockard and Werber believe that 
abnormal development the result toxic deleterious 
substances introduced into the egg from without. has been 
shown however that identical results can obtained purely 
physical methods. 

very recent paper Kellicott has reported the pro- 
duction every known type teratomata Fundulus 
merely subjecting very young embryos low temperatures. 
Eggs placed the refrigerator few minutes after insemination 
very nearly stopped development and some apparently under- 
went regressive changes. When returned normal tempera- 
tures these eggs developed nearly every type abnormality. 
The most frequent terata were the eyes and the 
heart. list terata would mere repetition those 
obtained other methods. 

way theory the genesis monsters Kellicott pro- 
poses what calls hypothesis,” namely 
“that the cause abnormal and monstrous development, 
found disturbance the normal organization the 
ovum, expressed the unusual character and distributions 
the differentiated materials the egg should 
noted connection with these low temperature experiments 
that the first result very pronounced lowering develop- 
mental rate, amounting some cases almost cessation 
development, accompanied certain regressive changes. There 
also all cases permanent retardation even after the em- 
bryos are returned normal temperatures. seems then 
that the primary effect low temperature the lowering meta- 
bolic rate. 

will now readily seen that the whole series teratomata 
fish eggs may produced three entirely different ways, 
the results being the same each: 

the use chemicals whose action such lower the 
rate metabolism. 


means low temperatures, which effects directly the 
rate metabolism. 
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means heterogenic hybridization, which always 
effects lowering the rate development. 

All monsters then seem the result lowering develop- 
mental rate. 

Let now return consideration hybrid monsters and 
ask ourselves the question: how does the foreign sperm lower the 
rate development? Various views are held the way 
which the foreign sperm retards development. 

Moenkhaus holds that the foreign sperm exercises poisonous 


toxic effect proportion the distance the cross. Loeb 
holds that the results are due the inability the hybrid 
digest the yolk with sufficient rapidity. have expressed the 
view that there incompatibility between the nuclear ele- 
ments the two different species that results abnormal 
chromosome arrangements and irregular distributions the 
latter various cells. Undoubtedly also the cleavage mechan- 
ism works less perfectly when chromosomes very different size 
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and form are mixed together single cell, than when they are 
all the same kind. Whatever the primary cause abnormal 
development may be, the most obvious early effect lowering 
developmental rate and this point that the similarity 
exists among all the experimental results heretofore discussed. 

Since are dealing primarily with rates metabolism, 
shall doubtless find, Werber has suggested, that the morpho- 
genesis monsters teleosts simply special case form 
regulation similar those recently described and discussed 
Child and for sea-urchins, which demonstrates 
the effectiveness the axial metabolic gradients dynamic 
factors the development various types monsters. 
has been able “control and modify development means 


the differential action external factors different regions 
these 

belief that application the principles enunciated 
Child serve rationalize the results heterogenic hybridiza- 
tion well those produced chemicals and low tempera- 
tures, and since Werber merely suggested the possibility 
explaining ophthalmic anomalies this theory and failed 
apply any far-reaching way the other various types 
monster was dealing with, seems worth while give the 
theory thorough trial this field. 


ly 
x 
AN - > Cf a 
= 


314 NEWMAN. 


AXIAL GRADIENT THEORY AND THE MORPHOGENESIS 
RESULTING FROM HETEROGENIC HYBRIDIZATION. 


The axial gradient vertebrates essentially quantitative 
one depending the rate metabolic activity. The rate along 
the apico-basal axis highest the anterior apical end and 
lowest the posterior basal end. Paralleling the axial meta- 
bolic gradient there exists susceptibility gradient, which 
the apical end most susceptible agents that lower the vitality 
retard the rate metabolism. Similarly the median dorsal 
region the most susceptible point the bilateral mesio- 
lateral axis and the lateral part the least susceptible. Certain 
points that are both apical and median will the most suscepti- 
ble the whole system. The eyes are such structures developed 
from primitive mesio-dorsal-apical anlage, and are therefore 
the most susceptible all parts the body. 

animals the high grade complexity exhibited verte- 
brates there are distinguished several semi-independent 
axiate systems. Undoubtedly the central nervous system and 
its derivatives constitutes axiate system itself. Similarly 
the circulatory system axiate with the heart the apical point 
and the veins and arteries basal. The skeleton with the fin 
systems are also semi-independent axiate systems, with the 
anterior parts more susceptible than the basal ones. This 
brought out recovery cases which the pectoral fins recover 
while the pelvic not. 

Whenever young fish embryos are subjected any the 
types inhibiting retarding agents that have been previously 
discussed are able classify the resulting abnormal forms into 
categories (modifying somewhat the usage Child): Forms 
which there has occurred inhibition anterior and 
median dorsal regions; Forms which these regions have 
become acclimated have recovered from initial inhibition. 
Curiously enough chemical experiments those parts that are 
most susceptible inhibiting agents higher concentrations are 
able most completely acclimate themselves lower concen- 
trations recover when the inhibiting agent removed 
its severity lessened. Let consider these two categories 
teratomata some detail. 
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(A) Forms RESULTING FROM DIFFERENTIAL INHIBITION. 


fish monsters, whether they are the result chemical, 
physical, biological (hybridization) inhibitors, the most preva- 
lent abnormalities are associated with the eyes and with the 
heart. The teratomata resulting from all three types in- 
hibiting agents are strikingly similar, shall from now 
confine description and discussion monsters produced 
heterogenic hybridization. any heterogenic cross the least 
abnormal forms are always those that have something slightly 
abnormal sub-normal about the eyes the heart. 
must conclude then that the primordia these two structures 
are peculiarly susceptible agents that retard metabolic rate. 

OPHTHALMIC TERATA.—Eyes the least extreme cases may 
either little too small, little too close together, unequal 
asymmetrical position. the most extreme cases 
the eyes may wanting, very poorly differentiated; the eyes 
may fused more less completely (various grades cyclopia) 
there may single unilateral eye. Every intergrade 
between the least extreme and the most extreme ophthalmic 
terata may readily found almost any hybrid experiment. 
Why single batch eggs there should highly diversified 
result not known, but must due physiological (age, 
maturity, etc.) differences the individual eggs sperm, 
combination both. 

general may conclude that suppressed eyes, either bi- 
lateral unilateral, are the result inhibition primarily the 
apical end the apico-basal gradient, while eyes too close 
together fused the median line (cyclopic terata) are the 
result primarily inhibition the median portion the 
mesio-lateral axis. 

grades heart abnormalities occur 
heterogenic crosses. less extreme cases are those which 
the heart development belated relatively the other bodily 
regions, which there may failure the whole cardiac 
mechanism become inclosed within the body cavity. 
cases the heart remains outside the body and there usually 
much enlarged pericardium. the most extreme cases the 
heart never develops, becomes mere pulsating strip muscu- 
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lar tissue running from the body the yolk the egg across the 
pericardium. These are among the commonest 
terata found heterogenic hybrids. have choice 
but conclude that, although the heart not very close the 
apical end, and ventral rather than dorsal position, that 


organ relatively high rate metabolism and shows 
extreme susceptibility retarding agents. undoubtedly 
true that the heart and blood vessels form axiate system 
their own, which somewhat independent general somatic 
axes. The attached arterial end (ventricles) the heart 
the apical point this axis and the part most susceptible 
retarding agents. When this end the heart inhibited the 
whole circulatory system will rendered functionless, though 
the basal parts may fairly well developed. When the apical 
parts are only slightly abnormal the basal parts may fully 
normal, but when the apical parts show extreme abnormality 
the basal parts are usually abnormal but less than the apical. 
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(B) RESULTING FROM DIFFERENTIAL ACCLIMATION 


RECOVERY. 


somewhat less frequent occurrence than the above described 
types fish hybrid teratomata are those which the apical and 
mesial parts have become acclimated (or adjusted to) the 
materials brought the foreign sperm. less extreme 
types are those which the head relatively large and wide 
compared with the trunk and tail. Next comes whole series 
types which first the tail and then the trunk are inhibited 
more less completely, and even heads without trunks but with 
beating hearts are common. The most extreme cases are those 
which isolated eyes isolated hearts grow upon otherwise 
undifferentiated blastoderm (Fig. 14). have found several 
examples isolated eyes that could distinguished only the 
presence lens and pigmented retinal cells. Also isolated 
hearts may reduced small pulsating tissue 
which there axiate elongation. According the axial 
gradient theory not only are the apical points most susceptible 
inhibitors, but under certain circumstances, such long 
exposure low concentrations, they have the highest capacity 
for recovery. That why eyes and hearts, the apical parts 
the two axiate systems, show the highest capacity for recovery 
and are sometimes the only parts that recover after long and 
general inhibition. very common type teratomata one 
which the whole body decidedly abnormal, inhibited 
doubt early stage, but which recovery the apical 
structures has occurred various degrees, that have 
forms which the only highly differentiated parts are apical 
parts. Such embryos are shown Figs. and 14. 

Child distinguishes between forms resulting from dif- 
ferential acclimation, forms resulting from differential recovery, 
and forms resulting from differential inhibition with general 
recovery. While believe that the forms resulting from hybrid- 
ization are identical those produced chemical inhibition, 
not able say any particular case whether form one 
the these three types. judgment that the 
isolated eyes and hearts are forms. resulting from differential 
recovery and that the forms with comparatively well developed 
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head and small rudimentary body are the result differential 
acclimation. After all, the results acclimation and recovery 
even controlled chemical experiments are nearly identical 
that, were not for the differences experimental method used, 
they would indistinguishable. 

the whole then can distinguish clearly only the two types 
monsters: 

(a) Forms with inhibited apical parts and relatively well 
developed basal parts—the results differential inhibition. 

(6) Forms with inhibited basal parts and relatively well 
developed apical parts—the results differential acclimation 
recovery. 

None the forms fish hybrids with which acquainted 
fail fall into one these two categories and receive logical 


explanation the basis the axial gradient theory. 
belief that this theory offers the best explanation teratological 
development fish and all other axiate forms, including man. 

concrete illustration the application the theory 
single experiment, shall offer the details intensively 
studied hybridization experiment, the one referred earlier 
the paper which the three lots hybrid eggs were separated 
the basis the rate early cleavage into three lots 
and This experiment dealt with hybrids Fundulus 
clitus Scomber scombrus (mackerel) 

Figs. 1-4 show types teratomata lot These embryos 
are frequently almost normal advanced stage and 
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very few hatch perfectly normal larve. considerable per- 
centage embryos develop circulation but have comparatively 
small eyes Fig. Others have proboscis and the eyes 
both look forward Fig. Still others have very narrow 
head with small eyes and the heart string-heart Fig. 
Others, finally, are cyclopic forms which the mesio-lateral 
development the head has been more seriously inhibited than 
the apico-basal (as Fig. 4). 

The largest and most varied assemblage monsters found 
Class which the rate cleavage was intermediate between 
the lowest and highest rate. Types embryos this group 
are shown Figs. which are camera lucida drawings made 
when embryos were two weeks old. all these the whole 
body from head tail abnormal (compare with the embryos 
which the tail nearly normal). Ophthalmic terata are 
most common here. Fig. microphthalmic and little 
asymmetrical and the body and tail are fairly normal; pectoral 
fins are also developed and the otic vesicles are only slightly 
enlarged. Fig. has decidedly asymmetrical eyes, one very 
small; the jaws, pectoral fins, etc., are also asymmetrical, but 
the tail fairly well developed. Fig. shows peculiar type 
stalked-eye, which rather common; body only slightly 
abnormal; pectoral fins normal. Figs. and are two types 
cyclopic monster with reduced and shortened tail, but with 
enlarged otic vesicles and good pectoral fins. Fig. syn- 
ophthalmic type with enlarged otic vesicles and much reduced 
body. Fig. common form with much reduced eyes, well 
developed otic vesicles and small body. Fig. eyeless 
type which the otic vesicles seem have usurped the place 
the eyes the body; the body well 
the types here shown had the heart beating. All these 
forms look upon products acclimation after early partial 
inhibition. They were not much retarded those lot 
look upon the enlargement the otic vesicle the result 
the suppression partial suppression the dominant region 
anterior it. The otic region now some extent physi- 


ologically isolated and thus released grow larger size than 
normal. 
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shall show only two types out very large number found 
lot which the slowing the cleavage rate was most pro- 
nounced. Fig. shows common type which practically 
head without body. The little up-turned stump all there 
the body; the heart still beating; the eyes are advanced 
stage differentiation. Fig. shows case solitary 
isolated eye. other tissues are differentiated. look upon 
these cases recovery the apical regions after rather severe 
early inhibition. There hard and fast line drawn 
between the three classes monsters shown. 

may said closing that each type hybrid differs 
from others the particular array monsters displayed. 
some there never cyclopia, but always microphthalmia. 
some the extreme recovery types, like that shown Fig. 13, are 
much the most common. many respects the heteroclitus 
mackerel cross the best adapted for the study the 
morphogeny teratomata because the very wide range 
forms produced. 

conclusion wish express appreciation the far- 
reaching applications morphogenetic phenomena the axial 
gradient idea worked out Child. Few generalizations 
known biological science serve rationalize wide range 
developmental phenomena. 
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RESULTS CROSSING EUSCHISTUS VARIOLARIUS 
AND EUSCHISTUS ICTERICUS WITH 
ENCE THE INHERITANCE TWO 
EXCLUSIVELY MALE CHARACTERS. 


KATHARINE FOOT AND STROBELL. 


The two exclusively male characters selected for study 
this cross are first, the black dark brown spot the male 
genital segment Euschistus variolarius and, second, the intro- 
mittent organ, which differs markedly length the two 
species. 

two recent described detail the transmission 
the above-mentioned exclusively male characters cross 
between Euschistus variolarius and servus and the results 
from the study the transmission these two characters the 
cross with ictericus are merely confirma- 
tion the results obtained from the cross variolarius 
with servus. The results from the latter cross were pub- 
lished first because they were more satisfactory, for the reason 
that the spot which pronounced the male genital seg- 
ment variolarius entirely absent from the male segment 
servus, whereas not entirely absent from the genital seg- 
ment ictericus. Although ictericus described having 
spot the genital segment, faint spot frequently present. 
This not easily determined until the segment pulled out and 
closely examined, but the spot, present, can then clearly 
seen, though not nearly pronounced that variolarius. 
(Compare photos and 62.) Although this spot not 
constant feature ictericus, present often enough make 
impossible determine how much the inheritance the 


Crossing Euschistus variolarius and Euschistus servus with Refer- 
ence the Inheritance Exclusively Male Journ. Linn. Soc. 
London, Vol. XXXII, 

Crossing Two Hemipterous Species, with Reference the In- 
heritance Two Exclusively Male Journ. Linn. Soc. London, 
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spot the hybrids due the female variolarius and therefore 
the results from this cross are less decisive, this point, than 
the results from the cross with servus. 

The intromittent organ, however, chitinous spiral which 
can dissected out and accurately measured, making possible 
determine the exact size relations the hybrid. shall, 
therefore, first describe the results obtained from study the 
inheritance this organ and shall then more briefly state the 
less definite results obtained from study the genital spot. 

Dr. Eltringham’s discovery the difference the length 
the intromittent organ between the two species variolarius 
and servus (Foot and Strobell, led expect differ- 
ence the length this organ between the two species vari- 
olarius and ictericus. The three species do, fact, differ 
greatly this character. magnification twenty diam- 
eters, the mean length the intromittent organ servus 
166.41 mm. variolarius, 96.70 mm. and ictericus, 
60.64 mm. 

Our cross-breeding experiments with variolarius ictericus 
differ important details from our experiments with vario- 
larius servus. the latter succeeded raising 
maturity, eleven males and females the generation, 
and from these were able raise large number the 
generation (204 males and 249 females). the variolarius 
ictericus cross, the contrary, succeeded raising only one 
specimen the generation female). were successful, 
however, crossing this female with pure ictericus male 
and raised from this back-cross males and females. 
These results are gratifying supplement our cross-breeding 
experiments with variolarius and servus, for the latter, back- 
cross was commenced late the season that were able 
secure only males and females. 

Details Crossing Euschistus Euschistus 
cus.—The three female variolarius used for this cross were 
hatched our laboratory, and immediately after the fifth moult 
were caged with three male ictericus which were also hatched 
and reared the laboratory. The parents the three females 
were two ten specimens variolarius collected White 
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Plains, Y., April 16, 1911, Mr. Torre Bueno. These 
bugs were placed cage our laboratory and, four days later, 
one pair mated, and while mating were transferred separate 
cage, which they were kept during the entire breeding season, 
until the female 

Three the female offspring this pair were used for the 
cross-breeding experiments with They reached the 
winged stage the following dates: July one female reared 
from the group eggs deposited May 22; July 15, two 
females reared from the group eggs deposited June 
The three male ictericus that were caged with these three vario- 
larius females were reared from eggs deposited our laboratory 
May and June These eggs were deposited cage con- 
taining ten ictericus specimens that had been collected few 
days before Dr. Knab swamp near Washington, 
One the males from these eggs reached the winged stage July 
and two, July and the three were caged with the three above- 
mentioned variolarius females. 

August pair these bugs mated and while mating were 
transferred separate cage (cage The record this pair 
shows that they mated and did not mate again while 
they were under observation (from August November 
24, 1911) when the female died. August 15, eggs were 
deposited, none which developed. August 18, eggs 
were deposited one which hatched and was raised maturity— 
this being the female which mated the following spring 
pure ictericus male. August 25, eggs were deposited, 
none which developed. (See photo for the male this 
pair.) 

second pair mated August and this pair also was isolated 
(cage group eggs was deposited this second pair 
August and group eggs August but none these 
eggs developed. 


The record the breeding period this pair variolarius was published 
our. report the results crossing variolarius servus. This record 
entered Foot and Journ. Linn. Soc. London, 
Vol. XXXII, 362. 

The length time for each mating can given only approximately obser- 
vations were made not oftener that three four times each hour, during the day 
and three four times during the night. 
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The last pair bugs the original three pairs never mated, 
although they were kept under observation until October 11. 
They were then added cage containing eight specimens 
the same cross and which had caged carry 
through the winter. 

The record the first pair shows that from August 
August 25, eggs were deposited and that only one these 
developed. add these the above-mentioned eggs 
from the second pair this cross, find that out vario- 
larius eggs, that were presumably fertilized ictericus, only 
one developed and hatched. 

Comparing these results with those the cross between 
variolarius servus, find the latter very much 
larger proportion eggs developed, for out total 120 eggs, 
developed and these hatched. 

This contrast between the results the two crosses greatly 
increased add the number eggs deposited the vario- 
larius-ictericus cross the summer 1912. stated above 
caged through the winter five female variolarius 
and five male ictericus. All these were reared the laboratory 
from the same stock those the 1911 pairs. Only one 
these mated the next season (cage 12, 1912). the eggs 
which were deposited between June and July not one 
developed. believe might have had better success with 
wild males; but failed our efforts get them the spring 
1912. summing the results find that 113 eggs all 
were deposited the three variolarius females that were crossed 
with ictericus and that only one these 113 eggs hatched; 
the remaining 112 did not show even the initial stages de- 
velopment. This one egg that developed was deposited August 
and was not hatched until August 28, the weather was 
unseasonably cold. The nymph female) reached the winged 
stage September 26. succeeded keeping this hybrid 
good condition through the winter and the following 


June she mated with pure ictericus. The record this pair 
follows: 


“a 
4 
4 
4 
4 
4 
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Hybrid (from variolarius ictericus) and pure ictericus pair. 
June 
3-45 mating. Continued mate hours. 
eggs (in two groups) survived first moult. 

reared winged stage and 

When some the nymphs from the above four sets eggs reached the 
third fourth moult, they were transferred large cage and there- 
fore some specimens from each these four sets were combined and 
thus the individuality each set was lost. 


Allhatched. reared winged stage and 89). 


eggs (on wire top cage hatched. reared winged stage 
eggs (on wire top cage and 


stage and 49). 

Allhatched. reared winged stage. and 29. 

eggs (on wire top cage). All hatched. All reared winged 
stage. and 29.) 

eggs (in groups). hatched. reared winged stage. 


and 89.) 
August 
hatched. reared winged stage. and 49). 
eggs 


eggs (in groups). hatched. Later added nymphs from eggs 


deposited August 28. 
3.30 mating. Continued mate hours. 


eggs (scattered wire top cage). hatched. Later added these 
nymphs from eggs deposited August 17. reared winged stage. 
and 49.) 

Killed both the male and female. Both were inert and apparently nearly 
dying. (The female has had only four legs since July 12.) Preserved 
glycerine (tube 33). See photo for the male. 

All the females this pair and males are preserved pinned specimens; 
the rest the males are preserved glycerine. See photos for 
twenty-five specimens. 

The data this record are taken from our notes from which have selected 
only the essential items, omitting such details the dates hatching, the dates 
when the five moults occured and the number nymphs that survived each 
moult. The eggs hatch from five seven days after deposition, this variation 
depending largely the temperature 
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comparison the above record with those pure variolarius 
shows that this back-cross the relation between mating and 
deposition eggs not normal, for, rule, eggs are deposited 
not oftener than once twice between two matings, whereas 
this cross, eggs were deposited eleven times between the 
first two matings and six times between the last two matings. 
The number eggs, however, that were deposited between 
June and August above our average for pure variolarius 
and normal proportion these eggs developed. 195 eggs 
were deposited and 177 these hatched. 149 were reared 
the winged stage. and 739.) All these females are 
preserved pinned specimens and the males are preserved 
either pinned specimens glycerine. 

Intromittent Organ.—This organ chitinous spiral easily 
dissected from the genital segment the males (photos 60). 

accordance with Dr. Eltringham’s suggestion, the entire 
male segment was first softened warm caustic potash, until 
the intromittent organ was sufficiently pliable dissected 
out without breaking. 

Only single organ was mounted slide, and the slide was 
indexed that the insect from which the organ was taken could 
identified and therefore, the relation the intromittent organ 
any other character could satisfactorily studied one 
and the same insect. This was possible the case the genital 
spot, for the genital segment all the specimens which were pre- 
served glycerine had been photographed before the segment was 
removed for dissection. 

Each intromittent organ being mounted balsam, was 
photographed magnification diameters, and all measure- 
ments were made from these photographs. The actual length, 
therefore, each organ one-twentieth the length recorded 
this paper. 

Measurements from such photographs the intromittent 
organs variolarius, and the offspring from 
the back-cross are given the following three tables. 

Table gives the lengths the intromittent organs 
specimens variolarius. This table quoted from our 
report results from the cross between variolarius and 
(Foot and Strobell, see footnote, 322.) 
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Table II. gives the lengths the intromittent organs from 
specimens ictericus. 

Table III. gives the lengths the intromittent organs 
offspring from the back-cross pure ictericus male with the 
one female succeeded raising from crossing vario- 

the intromittent organ ictericus much shorter than 


TABLE TABLE 
Lengths intromittent organs from Lengths intromittent organs from 
specimens Euschistus variolarius specimens ictericus 
96.5 
Mean length 60.64 mm. 
97-5 


Mean length 96.70 mm. 


that either variolarius servus, was much less 
cult get accurate measurement the length the organ 
ictericus and this was true also the offspring from the 
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back-cross. used, however, the same method for the 
longer and more complicated coils servus, e., photographing 
each intromittent organ magnification diameters, and 
measuring the photographs with small pair architect’s 
dividers. (For details see Plates 337.) 


TABLE III. 


Lengths intromittent organs from specimens offspring from 
diams. 


Mean length 68.97 mm. 


Genital Spot.—A study the inheritance the genital spot 
the offspring from the back-cross variolarius-ictericus 
interest merely furnishing additional data support 
the results given the crosses variolarius servus. These 
results, however, are means definite those from 
the intromittent organ, for the dimensions the genital spot 
can only relatively stated, they cannot accurately measured 
the case the length the intromittent organ. The in- 


= 
‘oe. 
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fluence each parent the transmission the genital spot 
the hybrids can, therefore, ascertained only approximately 
and the case further complicated the ictericus cross the 
fact that ictericus, unlike servus, genital spot not 
wholly absent. 

Photo seven male specimens variolarius showing 
each genital segment, the brown black spot characteristic 
the variolarius male, and photo seven specimens 
ictericus showing the faint indication genital spot which 
characteristic nearly all ictericus males. stated above, 
the spot, when present, indistinct that most cases 
easily overlooked unless the segment pulled out and closely 
examined, and this perhaps why this species described 
having spot the genital segment. Van Duzee’s description 
follows: 

Euschistus ictericus Linn. 

“Found the Northern States and Canada across the whole 
swampy spots along the borders streams other bodies 
water. may distinguished from the foregoing vario- 
larius| the calloused ruga connecting the humeri which are 
more produced than variolarius, and the genital segment 
the male wants the black spot found that 

Although the presence faint spot ictericus em- 
barrassing factor comparing the results the 
ictericus cross with those the variolarius-servus cross, 
means obscures the fact that the evidence from the two 
crosses complete harmony. 

The servus crosses demonstrated that the genital spot was 
transmitted through the female the first cross, and this 
supported the ictericus The inheritance from 
the variolarius female the first cross can appreciated 
comparing the faint spot the pure ictericus specimens photo 
with the spot some the back-cross offspring, for example 
the first specimen photo 65, the second specimen photo 66, 
the third and last specimens photo 69. these the spot 
almost strong that the pure variolarius males much 


Our Euschistus ictericus specimens were identified Torre Bueno. 
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stronger than any the genital spots the pure ictericus males. 

The variolarius-servus crosses further demonstrated that the 
genital spot was transmitted directly from the male and this 
also supported the vartolarius-ictericus back-cross. The 
ictericus inheritance shown all the photographed specimens 
which the spot quite insignificant the faintest spot 
the pure specimens. 

Although the harmony results with those the servus 
experiments evident, the factor indefinite spot ictericus 
makes detailed comparison less satisfactory for this reason 
shall discuss the results from the two back-crosses relation 
the intromittent organ rather than the genital spot. These 
two exclusively male characters (as demonstrated the 
servus crosses) give exactly the same evidence, every detail, 
their bearing current theories under discussion. 


RESULTS AND DISCUSSION. 


The results obtained from this back-cross, (from vario- 
larius ictericus) ictericus, are nearly repetition those 
obtained from the back-cross (from variolarius servus) 
that they would seem scarcely merit separate 
publication: but for the fact that the results obtained from the 
few specimens secured from the latter cross were small sci- 
entific value, until supported more data, and such data 
(from ictericus) were not shape for publication when the 
results the cross went press. 

One point interest the back-cross variolarius 
was that the offspring did not show Mendelian type in- 
heritance, but that the length the intromittent organ appeared 
quantitative response the proportion inheritance 
from the two species. 

attempting measure the strength the inheritance 
this cross, found that the effect the length the organ 
corresponded almost exactly with the relative amount 
larius servus the offspring. This was variolarius 
variolarius was first crossed with and male 
variolarius used for the back-cross with the female. our 
report this cross stated the results follows: 


i 
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“Tf measure the amount the variolarius inheritance 
this back-cross, find astonishing agreement between the 
theoretical expectation and the actual result. The relative 
amount variolarius servus the offspring this back- 
cross and should expect, therefore, the mean length 
the intromittent organ servus reduced per cent. 
the difference between the mean lengths variolarius and 
servus. This difference 69.71 mm., per cent. this being 
52.28 mm. Deducting this from the mean length the organ 
servus mm.) would leave 114.13 mm. the mean 
length the organ the offspring from this back-cross. The 
mean length fact 113.47 mm., this being only 0.66 mm. less 
than the calculated 

our results had followed Mendelian type inheritance, 
assuming the servus length organ dominant, 
should expect the mean length the intromittent organ 
approximately 131.33 mm. instead being the above simple 
expression the proportion inheritance from the two species. 

This result would seem scarcely merit serious consideration, 
was based the inheritance from only males; but from 
the back-cross reported the present paper 
ictericus) succeeded getting males and these repeat the 
evidence given the males the first 

The two experiments are entirely similar except that the 
first experiment the back-cross was made with male the 
same species the female the first cross (variolarius) and 
the second experiment the back-cross was made with male 
the same species the male the first cross (ictericus). 

look for agreement results from the two experi- 
ments, should expect the mean length the intromittent 
organ the males from the second back-cross show like 
quantitative response inheritance that the case the 
males the first experiment. 

this second back-cross have parts vario- 
larius, and should expect the mean length the intromittent 


and Strobell, Crossing Two Hemipterous Species with 
Reference the Inheritance two Exclusively Male Journ. Linn. 
Soc. London, Vol. XXXII., 474, 

The intromittent organs these males were measured. See page 
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organ variolarius reduced per cent. the difference 
between the mean lengths ictericus and variolarius. This 
difference 36.06 mm., per cent. this being 27.04 mm. 
Deducting this from the mean length the organ variolarius 
(96.70 mm.) would leave 69.66 mm. the mean length the 
organ from this back-cross. The mean length fact 68.97 
mm., this being 0.69 mm. less than the calculated expectation. 
both back-crosses the slightly stronger inheritance favor 
the shorter type intromittent organ and from the species 
giving per cent. the inheritance. 

The males from this back-cross further support the results 
the first experiment follows: 

The back-cross (variolarius-servus variolarius) showed that 
the length the intromittent organ was transmitted directly 
from the male and also indirectly through the female, and that 
therefore the so-called male- and female-producing spermatozoa 
not differ functionally their transmission character 
exclusively male the intromittent organ. 

Its direct transmission the male was proved the decrease 
the mean length the organ the offspring from the back- 
cross compared with that the hybrids and further 
shown the generation the variolarius-servus crosses. 
The facts are follows: 

Mean length the organ— 


the offspring from the 113.47 mm. 


The increase the mean length the organ the hybrids 
compared with that the variolarius species proves the 
direct transmission from the male parent, and the decrease 
the mean length the organ the offspring from the back- 
cross compared with that the and generations shows 
again the direct influence the male parent, the male 
the first cross increasing the length towards that the servus 
species and the variolarius male the back-cross reducing 
towards the variolarius species. 

These results are supported the variolarius-ictericus back- 


eg 
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cross though the evidence the direct influence the male parent 
might questioned this cross, did not succeed securing 
any males, and this would leave open the question whether 
the ictericus inheritance these offspring was due part 
direct inheritance from the male the back-cross wholly due 
indirect inheritance through the female. the servus 
experiments, the contrary, the direct influence the male 
both the first cross and the back-cross beyond question. 

Evidence the transmission this exclusively character 
through the female given both back-crosses, but the 
variolarius servus experiments most conclusively shown 
the mean length the intromittent organ the generation, 
where the inheritance from the pure variolarius female the first 
cross clearly evidence. 

the experiment, the inheritance from the pure 
variolarius female the first cross shown the increased 
mean length the intromittent organ the offspring the 
back-cross compared that the pure species. 
The facts are follows: 

Mean length the organ— 


the offspring from the mm. 


further point for consideration the two back-crosses 
the fact that the first (variolarius-servus) the per cent. 
inheritance from the male the first cross and the 
second (variolarius-ictericus) the per cent. inheritance from 
the female the first cross the one case, 
this one quarter inheritance was received directly from the male 
(servus) and the other case indirectly through the female 
(variolarius), and these have nearly the same value the 
offspring from both back-crosses, would seem have the 
strongest evidence that the so-called male- and female-producing 
spermatozoa not differ quantitatively their transmission 
even character exclusively male the intromittent organ. 

the variolarius back-cross have 
direct evidence that this exclusively male character—the length 
the intromittent transmitted the so-called female- 
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producing spermatozoa, for the servus inheritance from the 
female, which must have developed from egg fertilized 
female-producing 

Thus the evidence that not only the so-called male-producing 
spermatozoa but also the so-called female-producing spermatozoa 
can transmit even such exclusively male character the 
intromittent organ, and the fact that these so-called sex-deter- 
mining spermatozoa not differ functionally the transmission 
such character certainly justifies much scepticism that 
sex-determination hypothesis which based the assumption 
male- and female-producing spermatozoa. 

the reports our variolarius servus experiments have 
repeatedly discussed the bearing the results the interesting 
and ingenious hypotheses which attempt locate Mendelian 
factors not only the chromosomes such, but definite 
chromosomes and definite areas definite chromosomes, and 
have pointed out that the evidence from our results was 
direct contradiction such hypotheses and, further, that the 
evidence, stated above, was against the hypothesis that 
assigned the sex-determination the 
the so-called male- and female-producing spermatozoa. 
the evidence bearing these questions simply repeated 
this variolarius ictericus cross, would (to avoid repetition) 
refer our readers recent paper? where have briefly dis- 
cussed the evidence relation these questions. 

feel almost like apologizing for our persistent criticism 
these ingenious chromosome hypotheses brilliantly launched 
Morgan and his pupils* and vigorously advocated 

Our scepticism was perhaps primarily due fourteen years’ 
patient study the chromosomes Allolobophora these 


For the sake the argument must assume, for the moment, the existence 
male- and female-producing spermatozoa. 

Foot and Strobell, Journ. Linn. Soc., London, 1915, pp. 475-486. 

complete list the literature Morgan and his pupils given their 
recent volume, Mendelian Morgan, Sturtevant, Muller 
and Bridges. Henry Holt Company, 1915. 

forceful presentation and endorsement these hypotheses was recently 


given Wilson his Croonian Lecture. Proceedings Royal Soc., ser. Vol. 
No. 603. 
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years investigation one form forcing the conviction 
that the chromosomes share variability that admittedly 
characteristic other organs the cell characteristic 
all organic structures. Such convictions the morphological 
nature the chromosomes made impossible have faith 
any hypotheses that were based the type individuality 
the chromosomes demanded the theories question. 

recent paper, gives able and searching criticism 
one these hypotheses and has the sympathy all sceptics 
when voices the pressing need accurate knowledge the 
chromosomes, especially the maturation divisions where alone 
can found the cytological support essential foundation 
for such superstructure imaginary architecture. This need 
further voiced Bateson? his report recent volume 
Morgan and his pupils.* the maturation prophases says: 
“That twisting takes place many types, especially Amphibia, 
clear; but neither the figures reproduced from Janssens nor 
the originals from which they are taken—still less the very 
fragmentary observations both Stevens and Metz from 
Drosophila—provide more than slender support for this most 
critical step the argument. hoped that the authors 
will before long tell exactly upon what evidence they are here 

well known cytologists that, with our present methods 
technique, accurate knowledge the maturation divisions 
Drosophila impossible and one led suspect that this 
ignorance the chromosomes leaves the imagination 
freedom that perhaps would not possible curbed more 
hard facts. 


Criticism the Hypothesis Linkage and Crossing Journ. Gene- 
tics, Cambridge, England, Vol. No. 1916. 

Science, S., Vol. XLIV., No. 1137, 536. 
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EXPLANATION PLATES 


photographed each intromittent organ magnification diameters 
and prints matte paper were made from these negatives. Then each subject 
was accurately measured with small pair architects’ dividers fitted with no. 
needle points, and set mm. The measurements were made the matte 
prints that each division mm. could indicated pencil mark and 
numbered. The measurements were taken from the distal end the intromittent 
organ the point where the thick part the coil enters the gland. The coil 
most easily dissected off this point (e. g., photos etc.) but those 
cases where part the canal within the gland has been preserved (e. g., photos 
and the point from which the was made may readily deter- 
mined, for the part within the gland transparent and quickly tapers finer 
canal which apparently extends through the entire gland. The transparency 
that portion the canal within the gland much clearer the preparations than 
the photographs, for when the chitin has yellow tinge appears black and 
opaque the photograph. 

many specimens have left small piece the gland the point where 
the intromittent organ enters (e. g., photos 10, 14, etc.). 
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Intromittent organ Euschistus variolarius—the father the 
variolarius female that was fertilized the pure ictericus male. 

Length intromittent organ mm. 

female that was fertilized the pure male. From this cross raised 
the female which was back-crossed with pure ictericus male and produced 
the offspring described this paper. 

Length the intromittent organ photo 100 mm.—of photo mm.— 

Typical specimens the intromittent organ Euschistus 

Length the intromittent organ photo mm.—of photo 93.5 mm.— 
photo 97.5 mm.—of photo mm. 

Intromittent organ the Euschistus ictericus the original cross 
(cage 324). This male ictericus was raised our laboratory and fertilized 
the Euschistus variolarius female from which obtained the female used for 
our back-cross experiment. 

Length the intromittent organ mm. 

10. Intromittent organ the Euschistus ictericus that fertilized the 
female (the father all the offspring from our back-cross experiment). (See 
record, 326.) 

Length the intromittent organ mm. 

11, and 13. Intromittent organs three the original stock 
Euschistus ictericus that received from Washington, C., May 18, 

Length the intromittent organ photo 11, mm.—of photo 12, mm.— 
photo 13, 62.5 mm. 

14. organ ictericus male that was raised our 
laboratory 1911, kept through the winter, and 1912 mated with pure 
variolarius female. (See account cage 12, 325.) 

Length the intromittent organ mm. 

15. Intromittent organ from one the brothers the ictericus 
that was used for the original cross with variolarius. These were raised our 
laboratory 


Length the intromittent organ 54.5 mm. 

20. Intromittent organs from five typical ictericus males 
that were raised our laboratory during the summer 

Length the intromittent organ photo 16, mm.—of photo 17, mm.— 
photo 18, mm.—of photo 19, mm.—of photo 20, 64.5 mm. 


Foot Strobell. 


E.C.S. photo. 


INTROMITTENT ORGANS VARIOLARIUS ICTERICUS 
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The photographs these two plates show typical intromittent organs from 
the males which succeeded rearing from the back-cross with ictericus 
male and the female obtained from with variolarius 

The photographs these intromittent organs have been placed the plates 
the order their size, photo being the shortest (60 mm.) and photo the 
longest (76.5 mm.). 

None the specimens which were measured can classed with the vario- 
larius intromittent organ which varies length between 85.5 mm. and 106 mm, 
Ten the 71, however, can classed with the intromittent organ which 
varies length between 54.5 mm. and 64.5 mm., though none the specimens 
are short the shortest ictericus organ (54.5 mm.). The remaining are 
variable intermediates. 

The length the intromittent organs photos follows: Photo 21, 
mm.; Photo 22, mm.; Photo 23, mm.; Photo 24, mm.; Photo 25, 62.5 
mm.; Photo 26, 63.5 mm.; Photo 27, mm.; Photo 28, mm.; Photo 29, mm.; 
Photo 30, mm.; Photo 31, mm.; Photo 32, 66.5 mm.; Photo 33, mm.; 
Photo 34, mm.; Photo 35, mm.; Photo 36, Photo 37, mm.; Photo 
38, mm.; Photo 39, mm.; Photo 40, mm.; Photo 41, mm.; Photo 42, 
mm.; Photo 43, mm.; Photo 44, mm.; Photo 45, mm.; Photo 46, 
mm.; Photo 47, mm.; Photo 48, mm.; Photo 49, mm.; Photo 50, mm.; 
Photo 51, mm.; Photo 52, mm.; Photo 53, mm.; Photo 54, 73.5 mm.; 
Photo 55, mm.; Photo 56, mm.; Photo 57, mm.; Photo 58, mm.; Photo 
mm.; Photo 60, 76.5 mm. 


K.F. E.C.S. photo. 
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PLATE IV. 


These photographs the ventral surface male insects are specimens 
preserved pure glycerine test tubes. The segment each insect has 
been pulled out and cotton inserted behind the segment hold position 
show the entire ventral surface. 

The magnification about diameters. 

61. Seven male specimens variolarius, showing the typical black 
spot the genital segment. These are the same specimens which were photo- 
graphed for our report the cross between variolarius and servus. 

62. Seven male specimens ictericus, showing that the spot the 
genital segment which pronounced variolarius (photo 61) only faintly 
indicated ictericus. 

63. The ictericus male that fertilized the variolarius female 
the first cross, 324. Photo the intromittent organ this insect. 

64. The ictericus male that fertilized the female hybrid that was 
raised from the cross variolarius ictericus From this back cross 
(see Record, 326) 195 eggs were deposited and 177 these hatched, 149 were 
reared the winged stage (76 males and females). 

69. Twenty-five specimens the males from the above 
mentioned back-cross. 

comparison these specimens with photo shows the influence the 
variolarius grandmother the genital spot, for few these specimens have 
the genital spot almost pronounced the pure variolarius species and 
the majority the specimens the spot stronger than that the pure ictericus 
individuals photos and and the pure ictericus parent (photo 64). The 
ictericus inheritance shown those individuals which have merely faint indi- 
cation the genital spot, g., the lower three insects photo and the lower 
two photo 68. 


The three apparently pigmented spots the genital segment this speci- 
men are misleading,—they are fact, slight discoloration the segment and 
not pigmentation. The genital spot this individual like that the lowest 
specimen photo shows the intromittent organ this insect. 


Foot Strobell. 
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